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LINER EXPANDER 

This invention relates to a constant force spring device, and 
more particularly, to a device for expanding a metallic liner vherein an 
expanding die is urged against the liner by a constant force spring device. 

Heretofore, a method and apparatus have been developed for 
installing an expanded metallic liner in an oil well or other conduit. 
Typically, a corrugated steel liner is inserted in a conduit vhich is to be 
lined, the greatest peripheral dimension of the liner being slightly less 
than the inside diameter of the conduit. An expanding tool is passed 
through the liner placed in the conduit, and a first-stage expanding die 
causes a gross plastic deformation of the liner, vhich is expanded outwardly 
against the inside of the conduit. A second-stage die on the tool then 
provides an additional finer deformation of the liner to provide a smoother, 
more finished surface on the inside of the liner and to assure more complete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frictional drag of the first-stage die supplies the 
expanding force for the second-stage die, which expanding force is a direct 
function of the strength, or vail thickness, of the conduit in vhich the 
liner is being installed. For example, in lining oil well casing, heavy 
wall casing may cause a very high frictional force which results in excessive 
pressure being required to push the expander through the liner. The 
application of the great forces required may result in rupture of the casing 
or in breaking the installing tool. In instances - where the internal 
diameter of the conduit is somewhat less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause damage to the casing and the tool. In other designs, such as where 
a cantilever spring arrangement is employed in connection with the second- 
stage die, various difficulties are encountered in obtaining a spring 
mechanism having the desired strength in combination with the other spring 
characteristics, and with the tool dragging against the inside vail of the 
conduit after being passed through the liner. 
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Since tools of the type mentioned above often are employed in wells 
deep in the ground, it is highly preferable that a tool be used which under no 
circumstances will become stuck in the well or cause damage to the veil. Any 
such trouble occurring in a well can result in considerable loss in time and 
great expense in making repairs. 

An object of the present invention is a device for applying a con- 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force is exerted against a work piece. Another object is an 
improved expanding tool for installing metallic liners in a conduit, which 
10 expanding tool can apply no greater than a predetermined force to the liner 
being Installed in the conduit. Still another object of the invention is an 
economical and easily fabricated constant force spring device. A further 
object is a rugged, easy-to-operate expanding tool employing such a spring 
device. These and other objects of the invention will become apparent by 
reference to the following description of the invention. 

In accordance with the present invention there is provided a con- 
stant force spring device which comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the two 
ends of said column at least one of said bearing plate members being longi- 
O tudinally movable in respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent permanent deforma- 
tion of said column element upon the application of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device is employed in a tool for expanding a metallic liner inside 
a conduit, said constant force spring device being positioned on said tool 
to urge an expanding die member against the liner being installed in the 
conduit by a substantially constant force. 

My Invention will be better understood by reference to the follow- 
ing description and the accompanying drawings wherein: 
> Figures 1A, IS and 1C, taken together, constitute a partial cec- 

tional view of a preferred embodiment of a liner expanding tool according to 
the present invention; and 
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Figure 2 is a sectional view of the apparatus of Figure 1A taken at 
line 2-2; and 

Figure 3 is a typical plot of applied Load versus Deflection for 
the constant force spring device of the invention. 

Heferring to the drawings, Figure 1A is the bottom portion of a 
liner expanding tool for use in installing a metallic liner in a well, while 
Figure IB illustrates the middle section of such a tool and Figure 1C repre- 
sents the upper section of the tool. The expanding tool 11 is attached to 
standard well tubing 12 by coupling 13 and, typically, may be lowered from the 
surface through a well casing (not shown) to a point in the casing at which it 
is desired to install a metallic liner. Before inserting the tool into the 
well, an elongated vertically corrugated liner Ik fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. The corrugated 
liner is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at its lower end by contact with a first-stage expand- 
ing die 17 in the form of a truncated circular cone which serves as a first- 
stage expanding die in the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cylindrical hollow shaft 18 
which forms a portion of the body of the tool. As shown, the expanding die 17 
is held in place between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A plurality of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaft 18. The enlarged portions of the arms 23 upon being moved out- 
wardly contact the liner to perform the final step of expanding the corrugated 
liner into a substantially cylindrical shape. The arm members 22 are pivotally 
attached to the shaft so as to be movable outwardly from the shaft by a tapered 
expanding member fit slidably positioned on the shaft to serve as a second-stage 
expander. Ofce surface of the member 2k, as shown, moves upwardly along the 
shaft to engage with the arms and move them outwardly. Advantageously, the 
inside surfaces of the arms 22 and the outside surface of expanding member 2*f 
form mating sections, typically octagonal in shape. The expansion of the arm 
members is controlled by the position of the member &> which moves upwardly 
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until it contacts shoulder 26 provided on the shaft. As member 24 moves in a 
downwordly direction arms 22 fold Inwardly toward the shaft. Hie expanding 
arms 22 are held in place on the shaft by collar 27 and circular groove 28 
provided on the shaft. 

The expanding tool, comprising the first-stage die and the second- 
stage die is drawn through the liner to expand it in place in the casing. The 
first-stage die provides a gross deformation of the liner so that it is 
expanded outwardly against the wall of the casing. The second-stage die then 
passes through the liner and performs the final expansion to smooth the inner 
surface of the liner and to provide more even contact between the liner and 
the wall of the casing and effect a fluid-tight seal. 

In operation, the liner setting tool is assembled at the surface, as 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the liner. The assembly is lowered 
into the well at the location at which the liner is to be set. A Uquid, such 
as oil, is then pumped under pressure down the well tubing and flows through 
the passageway 29 provided in polished rod 31, through ports 32 and into cylin- 
der 33 connected to the upper end of the shoulder 16. Upon the application of 
fluid pressure to the cylinder, the piston 34 secured to polished rod 31 moves 
upwardly in cylinder 33- As shown, rod 36 connects polished rod 31 and shaft 
18 upon which is mounted the first-stage expanding die 17 . When the piston 34 
moves upwardly through the cylinder 33 the expanding die 17 and the second- 
stage die 22 are drawn upwardly into the corrugated liner 14 and "iron out" 
the corrugations in the liner, so that the expanded liner may contact the 
inside wall of the casing in which it is being installed. Positioned on the 
shaft below the expanding member 24 is a constant force spring member 37 which 
is employed to urge the expanding member against the expanding arms 22 with a 
substantially constant, force. The force exerted against the arm members being 
substantially constant, the force transmitted through the arm members to the 
liner and to the casing will he substantially constant so that either sticking 
of the tool in the casing or rupture of the casing ia precluded. Of course, 
the force provided by the spring member is preselected so that the motional 
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forces between the tool and the liner and the pressure exerted against the cas- 
ing are maintained at predetermined safe levels. The constant force spring 
member assures that the contact pressure between the liner forming portion 23 
of the arms 22 is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

The constant force spring member 37 is slidably mounted on the shaft 
18 and held between the expanding element 2^ and a cylindrical lower shoulder 
member 33 forming a portion of a differential sorew element 39 which transmits 
the loading on spring member 37 to shaft member id. The differential screw 

10 element comprises shaft member id on the outside of which are cut male threads 
Ida, the lower shoulder member 3d provided with female threads 38a and thimble 
member hi provided with threads Ula and kit on the outside and the inside, 
respectively, to engage with threads on the shaft and the shoulder. The two 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to withstand very high loads and differ in pitch so that shoulder 3d is moved 
upwardly on the shaft Id when the shaft is revolved relative to thimble hi. 
The shoulder 3d is secured to the shaft Id by splines 45 so that it can slide 
longitudinally, but it is not free to rotate on the shaft. Fixedly attached 
to the lower end of the thimble Is a friction member, such as bow springs h2, 

20 a hydraulically actuated friction pad, or other such device for frictionally 
engaging with the inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 3da is the same as that of the shaft threads Ida, e.g. right- 
hand threads, and the pitch, or lead, of threads Ida is slightly greater than 
that of threads 3da, with the pitch ratio being close to unity. In this 
manner, clock-wise revolution of the shaft relative to the thimble causes 
shoulder member 3d to advance upward slightly and a compression load is exerted 
upwardly on spring element 37 to cause buckling. For example, one satisfactory 
differential screw was made up using five and one-half threads/inch square 

30 threads on a shaft approximately 1.7-inch outside diameter and five and three- 
quarters threads/inch square threads on a shoulder approximately 2. 5 -inches 
inside diameter. 
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Constant force spring element 37 comprises column element 43, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
18. Upper bearing plate member 44 is in contact with the upper end6 of the 
columns and is slidably positioned on shaft 18 to transmit the force of the 
spring longitudinally against the bottom end of expander member 24. Lover 
bearing plate member 46 contacts the lover ends of the columns and is moved 
upwardly along the shaft by longitudinal movement of lover shoulder 3d as a 
result of revolving differential screw element 39. Grooves 47 are provided 
in each of the bearing plates, to form an upper race and a lover race, into 
which the ends of the columns are inserted. These grooves may^be shaped to 
conform with the s.iape of the column ends if desired. A cover 48 may be 
employed to exclude foreign matter from the 'spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns is required. 
Although the column element functions in a buckled condition, application of 
excessive compressive load thereto would cause total failure or rupture of the 
columns. Therefore, a pair of stops 49 and 49a are provided for this purpose. 
As shown, the stops are rigidly connected to the bearing plates, and, in 
effect comprise upper and lower limiting sleeves positioned on the shaft to 
slide longitudinally thereon. The ends of the stops may mo^e tovard, or away 
from, each other as the load on the spring member varies. Lover sleeve 49a 
is prevented from moving down by lower shoulder 38 connected to the shaft 18. 
However, the spacing between the ends is such as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent permanent 
deformation of the column element 43. Various alternative means for prevent- 
ing damage to the column element may also be employed* For example, pins or 
rings mounted on the shaft may serve as stops, or the cover 48 provided with 
suitable connections may be employed for this purpose to limit longitudinal 
and/or lateral deflection of columns. 

The columns of the column element 43 may be arranged around the 
shaft 18, which as shown here forms a portion of the body of the spring 
device, with ends of the columns fitted in the races 47* The columns may be 
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•fitted closely together as shown, or may be spaced around the race, with sepa- 
rators used between them to maintain the desired spacing. The number of 
columns employed will depend upon column characteristics and the materials of 
construction. For example, the slenderness ratio of the coluzn may be varied 
widely, and the column ends may be round, flat, fixed or hinged. The preferred 
construction is a thin, slender column with rounded ends, free to move within 
the races shaped to the curvatu: e of the column ends. I'iterials which may be 
satisfactorily employed for the columns are carbon and low alloy steels, 
chromium and nickel- chromium stainless steels, various copper ba-e alloys, such 
10 as phosphor bronze, beryllium copper, the high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the indi- 
vidual columns are of long rectangular cross-section, with the width being 
greater than the thickness, and arranged so that the wider face of the columns 
is normal to the diameter of the *haft. Thua ; with sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of inertia, e.g., outwardly away from the shaft 13. 

For example, a group of columns 0.167-inch thick by 0.458-inch wide 
by 10.626-inches long, with the ends rounded, were fabricated from A. I. S.I 
WO steel, quenched and drawn at 575 °F. Each column was found to require a 
20 critical compression loading of 450 pounds in order to buckle the column. 

After buckling, the columns vere found to have a very flat spring characteris- 
tic, as shown in Figure 3, wherein P c is the critical buckling load and point 
C represents the load and deflection at which the stress in the extreme fibers 
of the column exceed the yield point of the material. Theoretically, the shape 
of this spring characteristic curve is described by curve OA f ABC. Actually, 
this curve is described by QABC due to friction in the system. Points A end B 
represent typical- working limits, which, of course, may be varied according to 
the application for which the spring is designed. For example, where a large 
number of flexing cycles are npt anticipated, a working stress Just below the 
30 yield point may be used, while with, a great number of flexures, the working 

stress may be held to less than the endurance limit of the material of construe- 
tion. In the above-mentioned tests, the lateral deflection was limited to 
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approximately one inch, at which the longitudinal deflection was approximately 

0.225 inches- Prom zero deflection to the maximum deflection, the 450-pound 

loading was found to be substantially constant. 

In another test a spring device was built, as shown, employing 20 

columns, each having a critical buckling load of 1250 pounds. The lateral 
deflection was limited between 0 and about 1.00 inches by appropriately posi- 
tioning the stops. Upon congressional loading, the spring element buckled at 
substantially 25,000 pounds and from a longitudinal deflection of 0.04 inches 
(buckling) to about 0.15 inches the load remained substantially at 25,000 
10 pounds . 

Of course, in designing a spring element as above it is advantageous 
to obtain the greatest possible value of longitudinal deflection for specified 
values of lateral deflection and critical buckling load, while maintaining 
the stress level in the columns at a safe level. The preferred columns, there- 
fore, are laminated, as shown in Figures IB and 2, with multiple flat members 
making up each column. 

In the operation of the above expanding tool for setting a liner 
in well casing, the made-up tool ia lowered into the veil as mentioned above, 
with the arms 22 in the retracted position. When the tool is at the desired 
20 level, the well tubing is revolved. The friction member 42 engages with the 
wall of the casing and prevents thimble 4l from revolving. With several 
revolutions of the tubing, lower shoulder 38 is mo*>d upwardly by differential 
screw 59 to buckle spring element 37 which has a predetermined critical 
buckling load. This load is transmitted upwardly against the lower end of 
expander 24, and its tapered surface is engaged with the tapered surface on 
the inside of the arms 22 to urge the arms outwardly with a substantially 
constant force proportional to the critical buckling load of the spring 
element. Subsequently, the expanding tool is passed through the liner to 
expand it in the casing in the manner described hereinbefore. 
50 fore «° ln « description of a preferred embodiment of my invention 

has been given for the purpose of exemplification. It will be understood that 
various modifications in the details of construction will become apparent to 
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the artisan from the description, and, as such, these fall within the spirit 
and scope of my invention. 
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I CLAIM; 

1. A device for expanding a metallic liner inside a conduit which 
device comprises a shaft element, an expanding die member attached to said 
shaft element, said die member comprising a movable liner-forming member 
positioned on said shaft and being radiaOJy movable in respect thereof to 
contact said liner, an expander member slidably positioned on said shaft 
between said shaft and said die member to move said liner- forming member 
from said shaft, and a constant force spring member positioned on said shaft 
to contact said expander member and to maintain said expander member against 
said liner-forming member, whereby said liner-forming member is urged against 
said liner by a substantially constant force. 

2. In a device for installing an expanded me talli c liner in a 
conduit wherein an expanding die is moved through a liner positioned in said 
conduit to expand said liner: a cylindrical shaft element, an expanding die 
member attached to said shaft, said die member comprising a plurality of arm 
members disposed around said shaft and being pi vo table outwardly therefrom to 
contact said liner, a cone member slidably positioned on said shaft between 
said shaft and said arm members to urge said arm members outwardly from said 
shaft, and a constant force spring member positioned on said shaft to contact 
said cone member and to m ai n ta in said cone member in contact with said arm 
members, whereby said arm members are urged outwardly by a substantially 
constant force. 

3. The device of Claim 2 wherein said constant force spring memb er 
comprises a plurality of columns disposed around said shaft, a first bearing 
plate member and a second bearing plate member, each of said bearing plate 
members contacting opposite ends of said columns, at least one of said bearing 
plate members being movably positioned on said shaft and being in contact 
with said cone member, stop means connected to said shaft to limit the axial 
travel of said movable bearing plate member along said shaft, and compression 
means for main t ain ing a lateral deflection in said columns. 
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h. The device of Claim 3 therein said compression means comprises 
a differential screw connecting said spring member and said shaft. 

5. The device of Claim 3 wherein said stop means comprises a 
sleeve- like element connected to said movable bearing plate member and 
3 slidably positioned on said shaft and a member connected to said shaft to 
^ limit the travel of said sleeve-like element. 

1 6. The device of Claim 3 wherein said columns have a rectangular 

cross-section, the width being greater than the thickness, and having the 
3 wider face normal to the diameter of said chart. 

1 7. A device for installing an expanded metallic liner in a conduit 

which comprises a cylindrical shaft element; an expanding die member mounted 
3 on said shaft, said die member comprising a plurality of arm members disposed 
k circumferentlaUy around the outside of said shaft and being pivotable out- 

5 wardly therefrom to contact the liner; a conical expanding member slidably 

6 positioned on said shaft between said shaft and said arm members to urge said 

7 arm members outwardly from said shaft; a plurality of slender columns, each 

8 having a long rectangular cross-section and disposed circumferentially about 

9 eaid shaft; an upper bearing plate member and a lower bearing plate member, 
each slidably positioned on said shaft and contacting opposite ends of said 

11 columns; limiting sleeves attached to each of said bearing plate members 

12 and slidably positioned on said shaft; a shoulder member on said shaft; a 
differential screw element connecting said shoulder and said shaft to apply 
a buckling load to said columns; said shoulder engageable with the 
limiting sleeve connected to said lower bearing plate member, whereby the 
axial travel of said bearing plate members is limited; said column members 
transmitting their buckling load to said aim members to urge said arm members 

18 outwardly with a substantially constant force. 
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1» sttn tetoj poMOt te#M Umx. 
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ban teal* erf too top* MoU«nt« tVw> ofhrt in opfepvA iu nU» 
fe**afet«ro*4, U 1» u*Lr »a* * *t » 

ai ■— tocu Till teaota ttoct totbwmr i«M aamfi to too wtn. faj 
■a* Mill «N»m la a «U «o w*to A* «»M«iM«^Uttai«4 
» is aaatoc ii * d r»» 
A» o»ot erf tte f— t tovaatlflB It « to»tot '«* fl g i^ ■ «n- 

imlM •» ttei • fr»- 



(Hiowd ■■fHTUg Ml SHttUH|«WlU itotra is * «a*dtt Atoa 

ii mill! form to <*• Umt 
r «*jMt W to* twrtH l It tt 
414 nl «tll* MilnMi KBstsxt fm otrlt* ' IWitor 

► 1, » v*»4. m f 4Mx m n «na*tog tool «pU|U| ma t tprtoc 
torlo.. %e«« aal otter dajaoto wf taa torattoa rttt w»* V 



> «it» tte iNink tofattua toaia to anwtoai a 

N» toton ovprtow ateOj aaater, am atoMOto* aotom 



mm of MSA ml— at UMl <-» *f Mda VtfiM ftoto 
O) fauaaUy apw^Lt to rajpaat of to» qtta» ato ftop jw m to ottofcato; aa rt i r 
to Half teftottlat of an aatoaa aM— » to $nr**t pnaart 6mfrww+- 
Mm«f-«sa «to» atoatot tpoa to* «Uatto of ■ a»tt**ito* to** 

Irfta Uwiloi, taa fte**Dtoa iMitol l fart* 
to 9 tool tm ■nwltiia » attoUto Itoar tort* 

totoa 



4 «/ • tutotomttoll? co«»to«i font. 

*y tuftitw »U to Water .frrtnM V iHnaii to too (Sitae 
wcrtrttoB m1 to* — wajatylag Inrlap «Aa»«toi 

•ft***** II art 3*, tatoa tapfatr, oaatUtoto ■ farttal mm* 
3}- t tog j er a iwtoriaa aatoatoato af a liar Wfnftlng toot awarttagto 

:\ tot yaa a to to*wua*f oA 

I 
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httpy/patentsl .ic.gc.ca/fcgi-bii^any2html 



00736288db.afpPftge3 



Pagel ofl 



ed 



736288 

TJ*m iiia MfttdMwl »W*» tha k^trttoa or J*«u* 11 tofcoo ot 
lloa 2.2; ood 

ritfu* 3 1* ► Vylc*a ytoL or a»Xu4 loU wm« ©ariartlon for 
tb» cott»«*H Imu «poA»* tavlao v9 ikm umua. 

SMute u* oraaloto, fipan U u too tettco portla- <tf • 
11MT oapoa atl toot ftrttiu iMtaHlop • wtatuo iun la » veil, 
n«Mr» 1* tl3»ltl«te» tt* >UIU •cU« erf aaah « tool a»1 flcoM 10 tcx*v 
MU tM oppor oattloo or too tool. Too a*?~4Uo«- tOO) U St ottoobot U> 
riitftfl voll taftU« If V «— M— U tfpl-Ujr^oWlonor^tw-tt* 
V ooraoo tkioo* • -ott oooSof, Cm* * o p*ol So tM o«W «i oMob it 

lo ttiml to laotaix o oatolllo 11— fctcro loaartlOf too tool lolo too 
«oll, n olaoaptoa oortteoUj onrrofOtot Uoor 11 fborlCEtot fito* oUA otool, 



llamT lo oooata* lo joaadtdaa b* oooiuot ot Sto WW ooi oith o cjliodrtool 
■tea20»- aoafror 16 mm&, «t IW louo* tad *F owWrt Kith a nwl-lUjo oapaoft* 
Mo IT lo too fan of • tiiauoto* drcuUr ogn» «td«b mtim oo o fl«*t- 

tti#t omiMfiioj, tlo io 1lw in r " Hot « aopao dlo> Mo U 

flMdlr otU«0afi to o oaatroUj lototoft, oioofotot trUoftneol ballot abaft 1* 
*K* ftewi a jortioo of VA^ or too tool. *• obaoo, «• aapo o tlo f, Oto 17 
» UbolilaplOQO <0«toooa o looor •bOttUorl^osAooXUr n tlaoadad onto tbi 
ooft. .* pWl<* or «oolo » W. <B *r*rmW 7 ,«M4**ia ootooiUy 
«aor*a fortlOBO 0 *o*r too tap; ftUsoooii in M» tvm of » cjiizAwr 
inmI i^fi it. tt» oolsrflofl porttDM or <u» to 23 om» telog ■ 



Hw lofro » wftotootlally ^UoMiool abopo. T^* oro omOoti S 0»o jiootolij 
«tt*cW4 to too oMft oo oo to oDOtblo ootaoioJr tram too abaft ty * toparid 
ggaaftUg m4mf at iZLUt&j port y oS <n aboft to i 
•saoodor. Ttm •orfoo* of tba ooaOo* «t, *• obora, awia« ajowrtly < 
Otort to oogofo nlt& oroo ««1 «t tboo CtfOWrfUj. Mfx^taajtoualji tba 
90 leolto oarfoooo of too «sfO> 22 ad Ota ottol* oaxfoea of «nanWag ooobar at 
m noUM ooattooo, t^oollf oataca-1 lo atapa. «o oapoooloa of to. n 
bor. to ooot«ilol >r to* pooStloo of too oootoxWitlclioWtti 
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«rtll It eoatooto otoQiaar * Brorldad cd ** 
dowiwtnUy dix^oiKu *•*♦ « f all WwMjf ***** t 
aim ta u* boift lo oa <bo abaft t* »T aod 



ft. MpoU^ ml, Mytilntf UM <L«*~it»*a 
«l*a» ta «ma %kmm+ taa ll**r to W ta 

fUat-ataa* 41* prr*U~ A «T0i» Ofctaatlow o* Uoof 



t la tta OHdJHi* T>* 
ao ih>i it i» 



tt» «U 0 t tM ttOaf tnl ««»Ct * n»44-tla%t ml. 

Si <*«x*tto>, feo Uwr aottta* tool If mm^ at tte anrfaec, w 
dooorlteft afcoia, **& • daw cloU aoanrotoi litt a n«W * 

taa «m*rfod W»t»t«tii Haer. U lorn* 

iafto U» mil a* t*» looaUoa at laLoft W» lia« io to to aatw A liquid, mca 
MCil* Uth.^ oai-r snuin *o« «11 tabU* -d floVt thr«* 
tte wwrMf *• awtlto* 1* foil**** to! 51, Vtf^A* tort. J* ml Urto 
air»<mitdto1te«^Ml'oltte«faoBU<r^ i%om ttoo mllo-tio* ox 
to Uhj oyli****, «** pitto* * oaw^ to Boiiotel n* *1 aoota 
r i» c/lim, J>. JU a***, to! 36 oorawot* pollihoJ ipJ ihoft 
MnvatoA V* SU«t-*UfV I raaaMaa; ila> IT* -Vbsa **» ja»ton A 



vjwrtty ttn^tti i»iiaa« » il» a^aattag dto n.aaav 
lata ooawaato* llaar iff m& 



> voll of tft* eaalaa la *Uca It la Mm iaaullaa. MISomA cb tto 

• A U a camiant rosea ojnlaf nabvir 77 ^1* 
atwr aaalBat «* aa^aoalaa, not 3% wit* a 
Tte roxoa oiwrtod ««*i*rt tho tx* aaafetr* Wloa 
irco UmaftttoA ifem** aim —tear* to U» 
Umi *ad to 11m aas&aa r%Xx to watotoasttaliy- ooootoa* M lla* altfau »U«»*i 
of fea tool la tto aaalat or nwtm of la* cad** M imlaflafl. or ooaraa, 
U» rtroi aroOaot * too oaring aaato* 



ME 





BE* 






H 
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the tool ■** lto il»«X Mid toe jr«M«M um-W 4 
laeA tl ^rMWtmdaod Mfe l»**i«. th* oawiaei fart* «pxl*6 
, u*i tto wAMt |TMMm totom- V* Uoor feootoe toriloo *> 
I It pwt «<M* Vl jwrto* tto tools* tottomtto* «f^«"' 



Tto «9i*Urt faroo sprl** * 



ir 77 li tUtttojr i 
;*ootft< 

■imTiit M famtot » »nrtto* of tUlferostiol tew <Hm to » lOdto VoOOMtt 
no tooitoQ ob oyf**i ■ i ^ ii 9f to «a«ft t| ir 10. *M*toonAtol mm* 
10 iImuT oooprlto* tooti woofer UHtti oottltc oC wttob am Mb otto umi* 
IB*, too lowor otooltor 3d ttorttot *%» tlow^ 3* oot tktoolo 

BBrtn o& prorlM wlto ttooiit Us ojoft ol* o» t*o i 
TO *U«J/, to —pi— «£t* ttooofe on »* « 
ooto tC nil Mi ■ an nm> nc& o iftn* ■odfflrt mv*+t or i 
tovtmi my to* tooto mA «fto* U fitch ~ tto» ooootoor » 
^, rt 1y(pi tto otaft Uwtootto otort to Jowl** toUtm to tfaltoto *1. 

i ^m.-iw M it U w» am to *ototo o* ta» otofo. TtooUr onooto* 
to tto low oto of tto Ikitoto U a ftficttoo oe»*ojf, » to- U*lM» 
« » - m— ^ ^i-oao frtotto* to*, or ottor ip» to*- *to MOOOtolg 
— ri — g — ^ * v lootoo mU of t>0 ftoeftxlt to oeovra tto tfctobto ojotoot 
totouoo wltt IfPJWl to «oo otoft. rr*tm*lj, tto Olivctteo of tot «toultor 
ooooor tteooto 36ototto«-totottetoftto -wrt ttoooto lorn, o.t ritfV- 
W otowoto. -to tto ottoo, or toot, of toiooto 10* to oUftttSy motor loom 
toot of Itoooto *o. wlto ito p*to» i*Uo tolo* oto- to wMto. to to" 
HDOti. ctooK-oloo iw*oantoo of tto otoxt nliUw to too thfeolo ooooo* 

r *o-tor 50 to otoooom wjowM oUAtoly ood • ooojntotoo loot to oaortod 
_ot J7 to toote WtoUto* tor ooooju, coo owiioitotooy 
aifftmrttol oarwr vu ooto oo osloi fl~ ooo-tolf ttotodytofib Mow 
» Itaopto oo ft tooft oppRMlomtoly 1.7-too* ootolto diototto oto dot oat to»oo* 
o^fioro ttoooto/iM* -ooor. toiooto oo • tocoOA« i 



• 5 - 



;rfv»or-VL 
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Ift. i^r>M)iiyttM«Acr^ t» la contort, ultti «m «**r oadj of V* 
m4 i» •lltrtlj r^***- * on «l*rt ifi 1o brwM* >*- farco of the 



tautai ylcto *PiW U oooteet* «h* «*■ <* the «ol— «* *• ■ 

tetbn«^«<i «d « 1m- l*t» 



]0 V* «MA Of *0 00l>OO» «• 



i H» oteoo of to* coboa oata tr OMand. Aflow W"gr*» 



A Mtti cor liaiii** tta AtniffUoa of u* ooIhdo to n*ui/*d. 

r uprwU* JooA uphU oouoo t»Wl «r rojtare erf 

ttmfa,, * 1*1* «f *9 — * *V «• 

M Am, U» otepo m rtiWlf *0 t». i« 

BWlM OJBCT MM lOW UsLtt»« ■!•«»■• I«»lU«r*d DO tb. **ft *> 

«U4o loogltudUaUy S» «nt» t* to. »t<T* ■*» ***** or W 



w ^ ^ tori** — niri •» *o«y TK*rwm+ tmrmm 

,t»ttt 00M«J«>»-OJ *l»*«oplarpa. ^ 

r mrm «f •to»«# « *0"> cow' w F^*"" 1 10 
r * *&mw&. rur cut x«rpox w u«it ta n u rt to »i 
•sd/er laUffcl «*fioctlM of fiolosa*. 
50 no aolMW of U» «d»m cloooot * J »*Qr *»«too **• 

OMft ]*> *dOH u •*» * of i*» tody of « 

lvwi«t| .it* <* «*»!—- l» tt» woo. WT. 
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nrud do**!? ta£*P»T m itan, cr •£**** •rwwfl 

Mtara uMd feotoo** to- U> Mtotoia to* «s**to«- fto * 

mOjpm« «9lf*«d vlU to**** ^ea tol« flbtiMtertfrUc* u& too ■Wrtili of 
m»Wu«U*ft. for ovpU, U» *ml«rB»«9 rtolo or Mm cola* ~7 w *o»l*4 
»ia»l», cote «to«nM mod, rut, fi«pi *r kto*d. Tto K*r*w*o 

wbWovMca 1* ft toto, • J ••*•»- <ota«k i« 
tto noM toto* HrmMrO *t t 

«*tl*f*otorll> —*ioyi tar M *otow 



10 •» j 



ftd* alotel ollavii i 

IfetoftU* tto LnH- 
» wllft tM cUtk WlM 
toftt V<* wS4*r XMt Of V« u>)«* 
», »IU» 1 



of l»*tH, *.f-, eOMoftly R7 l»w to* 18. 

for Mm*!*, ft of oolwowfl o.ltt-tooa tide*. ftj 0.138-lndi vlAe 
V 10.6a6-lnd» lJ»f* «tl* tt* rate 7W*-6, «* r.brlwrtoV r*o* A.X.8,1 
*3*o mii, qwubrt «t 57J*»- o6ta« «» fw- to r**iir* ft 

crltol**! «^tNHi lo*«»€ ox \50 pmd> to o«ti«* ta took* to. 
. Mfer vuonut, to* vmo fist to tow ft wr «*% «I*tot 

Me, m itorn to TUftro J, to*rtl» P B »■ tootm* Lx 

0 ■ ■■■■-It U»kM«A toftortto* •* U- -to*** I* the ft' 

«r to* totom .*•*•* tJM ytoli jotftt of to* mtertol. to*wo«itoll?. to* *b 
or tkU Mfrlmm etomstorlvtlc «nr* It d**«rlto4 +j «ni to'UO, tototlto, 
Gat em la dtoorttol V <*J0 cut to frlcticc 1» to* «7#to*. ***** i «* t 
nsn^tt tntool to**** 14«Jto, ol* ( «* -** * «ew*l« to 

Uo **»lto«tlo«> ffti> *tdA to* tprtftc U atftlgatd. for **x*>l#, *w • 
Mtef ot n-«im« «j»ltt m aot wttoivfttod* • wridtg »i»m tolov tto 
yttlft potftb my to vol, wfclto «1U o fr«M «o*ftr ot ftortirft*, 
•toot* mmr to* tolwttMtk letonei llfttt of tto **tort*J af mtto 
t ftftfttft. to* Utolftl OmXtootl** ltoi«^ to 



S 



lEza 
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l 4afk-«- o W ro.io-*rt/ 



o.tt? ucte*. I*o- «« w o» 

l ^ att m w SmoI to H Mtetntl«U7 ooMUrt. 

oolMM, tetiae * Wtttcml tookUnc Jo* «f IfiJO 



0.15 !**»• 1mA r— tool i <» " «iH l «* C.aco 



>*. *»aUo 1om"H«o1 «rf>«U* I 

„t MI ^ AftfWilaa *M critical MCLUNI * 

«h* itMW ]Ml t» tS» ooloojo «% • Ionia fJwftowA ae&vmtm, 
, m* item la fi«-^ a ■» ^ ^ -ltt»U 



» tte optmtto* of tb. iftooo oqNBUI tool ftr 

83 w, «- -*H i« *» frloum wmOmt * «» 

i 41 trm TwroZrUm* **** •*tw»1 
^ 30 U Boirt m, mil l * •UfWwUU 
W «prtM 5T W» « jrtoHondao* «rii1*oi 

«ti* 1m< M ti— itNi w ^ fHy O^*"^ *** low oft of - 
A, lfto 1^*m4 rafM« SO **OMF* »1«> 'M 11 ' 1 •"*■•» •» 
, «t to «p tb» Ww* ««e»»i*l? -rtt* * « 0 *tontiUllr 
i jnoparU**! to Ite crltloU **kllO| Wot« qsl&c 
| tool U P—& thn»* U«*» *■ 

» tto ffrogrtnf «o«f4ytt« of * o duAl oj * - 

too W» lot to pofvott o« «ooli*l«*l<"- 

I tft* MftU o* oM»i»«rtlo» *ttl 1 
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